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Abstract 
The purpose of this paper is to provide the reasonable design of operation parameters for the combined heat-supply system by 
obtaining the optimal allocation proportion based on the groundwater heat pump and boiler plant. Combined with the engineering 
example, based on the groundwater heat pump and coal-consuming boiler, the optimal distribution proportion of the combined 
heat-supply system is obtained by energy consumption analysis for heat load duration graph, economic analysis with annual cost 
method and simulation of the combined system. Combined heating of coal-consuming boiler and groundwater heat pump in the 
optimal load distribution proportion not only reduces the initial investment of heat source system, but greatly reduces the total 
energy consumption, prolongs the performance period of the boiler, and improves the utilization efficiency of the boiler as well. 
Meanwhile, the combined system has the lowest annual cost and the best economy. 
© 2016 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility ofthe organizing committee of CCHVAC 2015. 
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1. Introduction 
With the improvement of people’s life and enhancement of environment protection consciousness, the heat-
supply technology remains improving in order to improve its quality. At present, heating sources include thermal 
power plant, regional boiler room, decentralized boiler, heat pump and electric boiler and so on.-thermal power plant 
and regional boiler room are used most commonly and heating pump is the one that develops rapidly[1]. Generally, 
in order to fully use the saving energy performance of groundwater heat pump and reduce the initial investment of 
assistant heating source, another assistant heating source with low initial investment is selected when the 
groundwater source heat pump system is designed[2].In this paper, considering energy consumption and economic 
investment, based on the groundwater heat pump and coal-consuming boiler, the energy consumption and economy 
are analyzed for present heating forms and features in northeast severe cold areas in our country. 
 
Nomenclature 
Qtx the heating load at temperature tx, Mw 
tn  the indoor designing temperature , ć 
tw  outdoor calculating temperature,ć 
Qn design heating load, Mw 
Qzh annual heating supply quantity of basic heating source, GJ 
Qf  annual heating supply quantity of assistant heating source, GJ 
hk the start temperature of assistant heating source,ć 
hc the lasting hours of assistant heating source after starting, h 
Ac  the annual cost,Yuan 
Ci  the initial investment, Yuan  
i  the recovery coefficient, 10%, 
n the life period,20 years. 
2. Methods 
Based on groundwater heat pump and boiler plant, the paper takes the combined heating supply system of the 
same heating residential area community in Shenyang city and Harbin city as the research object. The optimal 
allocation proportion of the system is obtained when use the heat load duration graph to analyze energy 
consumption and annual cost method to analyze the economy. With numerical simulation of the combined heat-
supply system based on groundwater heat pump and boiler, the energy consumption and economy of the system are 
analyzed. Combined with the engineering example, the paper analyzes the total energy consumption, annual cost, 
the optimal distribution proportion based on the combined system with different heating supply regions in the same 
area. 
2.1. The energy consumption analysis 
With same heating load, the energy consumption of groundwater heat pump is different from the boiler plant, 
when they operate respectively. The calculated total energy consumption varies with the load proportion changing 
separately during the whole heating period, when the both are combined operating. Thus, the allocation proportion 
corresponding with the low total energy consumption can be considered as the first important factor .Combined with 
the analysis on economic results, operating time of boiler, rate of total energy consumption variation, boiler tonnage 
etc. The optimal allocation proportion of the combined heat-supply system can be determined finally. During the 
whole heating period, the formulas of combined heat-supply system based on the groundwater heat pump and coal-
fired boiler with different distribution proportion are as follows[1]. 
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With different allocation proportion, using the above formulas to calculate the annual heating load of the 
groundwater heat pump and boiler, the amount of standard coal consumption can be obtained [2]. 
2.2.  Economic analysis  
The paper analyzes the economy of the combined heat-supply system with the method of the dynamic annual cost 
[3]. With the same annual heating load and different allocation proportion, based on the minimum annual cost of the 
groundwater heat pump and coal-consuming boiler, the optimal allocation proportion is determined. The formula of 
annual cost is as follow: 
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      With the combined heating based on the groundwater heat pump coupled with the coal-consuming boiler plant, t
he various inputs include equipment, fuel and so on. The total initial investment of the combined heat source and op
erating cost of the system can lead to vary with the change of allocation proportion. 
3. Example analysis 
All The coal quantity of conversion and annual cost of the combined heat-supply system varied with the 
allocation proportion. The paper determined the optimal allocation proportion and studied the influence on the 
optimal allocation proportion due to the different climate areas. The paper takes the residential district with heating 
area of three hundred thousand square meters in Shenyang and Harbin respectively as the research object. The paper 
analyzed and calculated the energy consumption and the annual cost of the groundwater heat pump and coal-
consuming boiler under the condition of different proportion. In order to more clearly show that various areas have 
influence on the allocation proportion of the combined heat source, the paper selects the same square thermal index 
of 50.9 W/m2. Meanwhile, comply with the principle of single variable, other factors, such as coal price, electricity 
price and the initial investment of per unit area remaining constant. That is to say the influence of the various areas 
on these factors can be ignored. In the practical engineering, the initial investment of the groundwater heat pump is 
set as 200Yuan /m2 and the initial investment of coal-consuming boiler is set as 80 Yuan /m2.Meanwhile, electricity 
price of 0.5 Yuan / degrees, coal prices is 950Yuan / ton and so on [4]. With the formula (1) ~ (4), the energy 
consumption and economy of the combined heat-system are analyzed. The results are shown in Figure1and Figure2.  
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(a) Energy consumption of the combined system in Shenyang                        (b) Energy consumption of the combined system in Harbin 
 Figure 1.Change curve about converted standard coal quantity of total energy consumption. 
The change curve of total energy consumption based on the combined heat-system (Figure 1) shows that the 
standard coal quantity of total conversion decreases gradually with the increase of the total load ratio by burden of 
the heat pump. A smaller proportion of the load corresponding to the larger change rate, the curve gradually 
becomes slow. When a larger proportion of load is corresponding to the smaller change rate the curve tends to level. 
Meanwhile, the standard coal quantity of total conversion change hardly with the increase of the ratio by burden of 
the heat pump. 
                                  
(a) Annual cost of complementary heat source in Shenyang                              (b) Annual cost of complementary heat source in Harbin 
Figure 2.The change curve of annual cost 
Figure2 (a) is change curve about annual cost for the heating areas of 300000 square meters in Shenyang 
changing with allocation proportion. The figure 2(a) shows the low load by burden of groundwater heat pump is 
corresponding to the low annual cost of the system. The change range of the annual cost is from 48% to 65% and the 
ratio range is small. The allocation proportion of complementary heat source is 54 %+46 % coupled and the annual 
cost is lowest. But when the load ratio by burden of heat pump exceeds 70%, the change ranges of annual cost 
increases greatly. Figure 2(b) is change curve about annual cost for heating areas of 300000 square meters in Harbin. 
From Figure 2(b) you can see that with the increase of load ratio by burden of groundwater heat pump, the curve of 
annual cost based on complementary heating system is greatly decreased at first, the middle part changed modestly, 
and then increased to a great extent in the end. The range of curve in ratio range from 60% to 70% is relatively flat 
and the allocation proportion of complementary heat source is corresponding to 64 %+36 % with the lowest annual 
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cost in the Figure. The economic analyses shows that only change of the heating areas can lead the change of the 
average number of duration hours by compared with Shenyang and Harbin. 
4. Discussion 
 Based on the analysis of energy consumption in this paper, the allocation proportion corresponding with the low 
total energy consumption is set as the first important factor of the optimal allocation proportion for the combined 
heating supply system. At the same time, in addition to electricity or coal consumption of the main equipment such 
as heat pump or boiler at work, the other related ancillary equipment such as pumps, fans, and other energy 
consumption will also be included in the total energy consumption. 
Coupled with economic analysis, only the initial investment and operation cost of heat source can be considered. 
The initial investment of groundwater heat pump and -boiler plant are involved in the initial investment of heat 
source. The annual operation cost includes the operation cost of groundwater heat pump and boiler plant. Due to the 
restricted condition having little influence on the results we study, we can do not consider temporarily the influence 
of the initial investment and annual operation cost for heat network and user in different allocation proportion. 
Combined with the engineering example, the change curve of total energy consumption is analyzed based on the 
combined heating system (Figure 1).Single from the total energy consumption of the complementary heating system 
to analyze, the paper considers the problem of the annual supply heating quality with small change ranges when the 
load ratio by burden of the groundwater heat pump is too large. When the allocation proportion of the 
complementary heat source is selected, the load ratio by the burden of heat pump should be less than 80%.Not only 
is the running time of coal-consuming boiler too short with the obvious effect of the saving energy, accord with the 
annual significance of its existence, but also the initial investment of the whole system can be reduced. Lead to the 
various trend of annual cost curve for the same heating area along with the load ratio by burden of groundwater heat 
pump being on the increase, and then the allocation proportion of complementary heat source corresponding with 
the lowest annual cost also has a change by analyzing the change curve of annual cost. In practical engineering 
applications, combined with the local actual situation, according to the local actual equipment price, electricity price, 
fuel price and so on to recalculate and analyses, the optimal allocation proportion of complementary heat source is 
determined. 
5. Conclusion 
 When the system operates in the optimal load distribution proportion, the initial investment of the heat source 
system can be reduced. Not only does greatly it reduce the total energy consumption, but prolongs the performance 
period of boiler, improves the utilization efficiency of the boiler as well. 
The residential district with heating area of 300000 square meters, the load optimal allocation proportion of the 
groundwater heat pump and coal-consuming boiler is 54% and 46% in Shenyang and Harbin for 64% and 
36%.Meanwhile, the system has the lowest annual cost and the best economy.  
In the price system under the same conditions, the change trend of curves about total conversion energy 
consumption of standard coal quantity is similar with the different parts of the same heating area. The change trend 
of curves about annual cost is different and the allocation proportion corresponding with the lowest annual cost has a 
change.  
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